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Mass, Energy, and Length Scales
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v tov,_is small in long base line
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For anti-neutrinos, the sign of d is reversed. The goal is
to determine the sign of A;;. We can’t tell the difference

between (A;,, 9) and (-A;,, m-0).
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Matter Effect

* Vs interact differently in matter from v s

because they scatter from electrons by W
exchange.

* Analogous to K. regeneration.

Key parameter:  x = 2.2G,N,E/Am?, ~ E(GeV)/14

A circle in polar coordinates:
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Example: T2K
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N OVA Se n s itiVity 95% CL Resolution of the Mass Ordering
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LBNE Project Scope > \oZ
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LBNE 10kt Mass Hierarchy Reach

10 kt LBNE performance: Mass hierarchy sensitivity:
dcp fraction vs. detector mass
Normal Hierarchy
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Costs at 'Reconfiguration’
June 6, 2012 DOE Briefing

Scope Cost (TPC)
LBNE 34 kTon@4850L

LBNE Phase I, 10 kTon

Milind Diwan, LBNE Houston Meeting, December 1, 2012
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CF Critical path Item

 Embankment is on critical path.

* Takes 2 years for earth to settle prior to construction
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LBNL Involvement

Richard Kadel

— Exec Board Member 2010- Jan 2013

— Member, Water Cherenkov Technical Board through Jan 2012
Victor Gehman

— Co Convener (with Xinhua Bai SDSMT) of detector cleanliness group
(both LAr and formerly WCD)

Trigger Scintillator R&D for the LAr detector

— Baseline proposal has sensitivity of 2 photo electrons for 20 MeV
neutrino interaction with 800,000 photons generated. Efficiency = 2.5
x 10

Low energy behavior of LAr detector via cleanliness group
— Low threshold for supernova physics
Slow controls and/or Slow monitoring for entire experiment



New Area of Involvement:
Offline Analysis

Anticipate that much of the detector "hardware" will be sold off to non-
DOE funding agencies.

Current LBNE Software package is based on "LArSoft," meant to serve all
possible LAr detectors in all possible configurations (ie Argonut,
MicroBoone,...)

We have been encouraged to develop an alternative, easily portable
software package.

Working on Offline proposal involving LBNL, LLNL, Davis LLNL, Stonybrook,
Cambridge (...SLAC not yet signed on)

Leverage experience of LBNL on software management/execution in
ATLAS, DayaBay, etc. Includes Craig Tull from Computer Science Div.

Provides early entry into physics analysis

Could test software against data from CAPTAIN, a 2 m diameter x 1
meter high (vertical drift) TPC being built at LANL.



Challenge of Energy Measurement in
Liquid Argon

* |f the scattering is quasi-elastic, measuring the charged lepton determines neutrino
energy, but there are other processes:

v,n—>ep
v,n—>eA”

++
v,p—>eA

Other effects that obscure the energy measurement:
Fermi motion
Neutrons from nucleus
Pion absorption in nucleus
Scattering from correlated nucleons

Progress will require joint experimental and theoretical effort.



Beyond Mass Hierarchy at LBNE

CP violation sensitivity:

* Involvement in LBNE would likely mean S¢p fraction vs. detector mass
. . . NH(IH considered)
pushing for Phase Il, in particular ’ -
. Homestake -
measuring Ocp. Homestake + NOVA(6) + T%K
o [ J
0.8 - 56 o

* Task force did not address LBNE
capability for measuring 9., or assess the
importance of the measurement.
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Summary

The ability of long base line neutrino experiments to determine the
hierarchy depends critically on the neutrino energy, which is in practice
proportional to the distance.

T2K is too short to be effective.
NOVA could get a 20 result with a fortuitous value of Op.

Detailed studies for Phase | LBNE show that alone it has an a priori 80%
chance of a 30 determination of the hierarchy, which increases to 100%
with NOVA and T2K added in.

This is based on 10kt LA with 5+5 years of running. With a favorable value
of 0.p, the hierarchy could be known sooner.

However, in the intervening 15 years or so, some other experiment could
scoop LBNE, or, more probably, find an indication that was less than
definitive.



Offline software: Possible Model

* Diagram shows
one possible
implementation of
software package

* Looking at
CAPTAIN LAr
detector being
built at LANL for
Jan, 2014 as
hardware test bed
for software.
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